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Data will be presented on universal serologic reactions given by rabbits before
inoculation with T. pallida, after inoculation and following treatment with peni-
cillin. The universal serologic reaction, reported by Kahn in all human beings
and animals tested, is a multiquantitative precipitation technic of which one of
the quantitative technics is a serodiagnostic test for syphilis. In most situations
precipitation in the universal reaction does not extend into the zone of the sero-
diagnostic test for syphilis; in syphilis and in certain other situations, precipita-
tion does extend into that zone. The universal reactions in most of the rabbits
before inoculation showed individual serologic patterns of low intensity and the
reactions were negative in the serodiagnostic zone; in some, the reactions showed
serologic patterns of higher intensity with positivity in this zone. After inocula-
tion with T. pallida, the universal reactions became intensified, showing a new
serologic pattern characteristic of syphilis and a high quantitative titer in the
serodiagnostic zone. Following therapy, the universal reactions reverted to prac-
tically the original serologic patterns. The data indicate that the specific sero-
diagnostic reaction in syphilis is the result of an intensified universal reaction
which develops specific characteristics in the presence of syphilis. The nonspecific
serodiagnostic reactions given by some of the rabbits before inoculation are ap-
parently the result of natural universal reactions of relatively high intensity; so
high as to reach the serodiagnostic zone. This finding would indicate that the uni-
versal reaction in human syphilis represents an intensification of a normal sero-
logic response, the reaction developing distinctive characteristics as it grows in
intensity.
The universal reaction and the serodiagnostic reaction in syphilis are related
in two respects. As indicated, both employ the same tissue extract antigen. Sec-
ondly, the universal reaction, which may be said to be multifaceted, has as one of
its facets a serodiagnostic reaction for syphilis. Thus, the universal serologic
technic consists of nine quantitative technics, referred to as set-ups, each of a
different NaCl concentration. The concentration range of the quantitative set-ups
is from 0 to 2.1 per cent. One of the quantitative set-ups is carried out with 0.9
per cent NaC1 solution and this set-up is technically similar to a quantative Kahn
test when the results are read after three minutes' agitation of the serum-antigen
mixtures. The results of the quantitative set-ups are also read after four and 24
hours' incubation at cold temperature, but these results are not at all similar to
the quantitative Kahn test.
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The fact that the universal serologic reaction embodies a serodiagnostic reac-
tion for syphilis, enables one, in glancing at a universal reaction, to know readily
whether the serodiagnostic (Kahn) reaction is negative or positive and, if positive,
the height of the quantitative titer. All that is necessary is to examine the quanti-
tative set-up with 0.9 per cent NaC1 solution in that section of a table or graph of
a universal reaction which illustrates the results read without incubation.
The question arose whether the serologic pattern of universal reactions of rab-
bit syphilis would be similar to that of human syphilis. Also, whether the serologic
pattern of universal reactions of a normal rabbit is a constant factor; if so, then a
rabbit inoculated with T. pallida and subsequently given antisyphilitic therapy
should show the same serologic pattern before inoculation and after therapy.
These and related questions will be considered in this study.
Universal Serologic Reaction
The universal serologic reaction has its beginning in a series of studies carried out in
the Serology Laboratory of the University Hospital. In 1931 it was reported (8) that sera
from Kahn-negative persons show precipitation with tissue extract antigens when the
readings are made by means of the ultramicroscope. In 1942 it was shown (9) that tissue
extract antigens may be so increased in sensitivity as to render large numbers of sero-
negative persons seropositive. In 1947 it was reported (10) that it was possible to elicit
nearly 100 per cent positive serologic reactions in seronegative individuals with antigens
giving specific reactions with tests for syphilis, such as Kolmer, Kahn and cardiolipin
antigens, by certain technical steps which included low salt concentration and incubation
at cold temperature. Kahn then combined different salt concentrations, different serial
dilutions of serum and different periods of incubation at cold temperature in the develop-
ment of the universal serologic technic.
Three universal reactions are herewith presented to illustrate serologic patterns
in a normal individual, in a person with syphilis and in one with lepromatous
leprosy. Table 1 presents a universal reaction given by a normal individual. The
technic, as indicated, consists of nine quantitative set-ups, each of a different salt
concentration. The first set-up is carried out with distilled water, the second with
0.15 per cent NaC1 solution, the third with 0.3 per cent, the fourth with 0.6 per
cent, the fifth with 0.9 per cent and the sixth, seventh, eighth, and ninth with 1.2,
1.5, 1.8 and with 2.1 per cent NaCi solution, respectively. The serum dilutions in
each set-up extend from 1:1 to 1:640. The results are read without incubation of
the serum-antigen mixtures and after four and 24 hours' incubation at icebox
temperature (about 5°C.).
To simplify the description of the results, the nine quantitative set-ups are
divided into three zones. Zone I includes the three quantitative set-ups of the
lowest salt concentrations, Zone II or the central zone includes the three set-ups
of moderate salt concentrations and Zone III, the three set-ups of the highest
salt concentrations.
An examination of the results shown in Table 1 reveals but little precipitation
when the readings were made without incubation. Precipitation is limited to
Zone I and to serum dilutions ranging from 1:40 to 1:640. After four hours' in-
cubation at icebox temperature, precipitation is noted both in Zones I and III.
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TABLE 1
Univer.al Serologic Reaction with Normal Human Serum
Quantitative precipitation results with increasing concentrations of NaCJ solutions ranging
from 0 to 2.1 per cent
SERIAL
DILUTIONS
OF SERUM
CONCENTRATIONS OF NaC1 (PER cENT) USED IN PREPERATION OF SERIAL DILUTIONS OF SERUM
Zone I Zone II Zone 111
0
J
0.15 0.3 0.6 0.9 1.2 1.5 1.8 2.1
Readings made without incubation of serum-antigen suspension mixture
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Readings after 4 hours' incubation in icebox
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Readings after 24 hours' incubation in icebox
1:1
1:2.5
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1:80
1:160
1:320
1:640
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After 24 hours' incubation, precipitation is also noted to a limited degree in the
central Zone II. The precipitation results in this table are illustrated in Graph 1
of Chart 1.
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Graph 2 of the same chart illustrates a serologic pattern of a universal reaction
usually noted in patients with syphilis. It is evident that marked precipitation is
noted without incubation of the quantitative set-ups. A special characteristic of
the serologic pattern in these patients is that the central zone, especially the
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quantitative set-up with 0.9 per cent NaC1 solution, usually does not show an in-
crease in precipitation following incubation. In contrast with this serologic pat-
tern in syphilis, the serologic pattern in lepromatous leprosy, illustrated in Graph
3, shows a marked increase in precipitation in the central zone following incuba-
tion.
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The quantitative set-up with 0.0 per cent NaCl solution in which the results
are read without incubation, as indicated, is equivalent to a quantitative Kahn
test for syphilis. This quantitative set-up does not show precipitation in Graph 1
of a normal individual; it shows precipitation in a serum dilution 1:20 in Graph 2
of a person with syphilis; it also shows precipitation in a serum dilution of 1:1 in
Graph 3 of a person with lepromatous leprosy.
It must be kept in mind that considerable variations exist in the degrees of
precipitation in universal reactions given by normal individuals, by persons with
syphilis and by lepromatous leprosy patients. The aim in presenting the three
graphs is to indicate how widely the serologic patterns of universal reactions may
differ from one another in these three situations.
EXPERIMENTAL
Two experimental plans were employed. In one, rabbits were inoculated with
a suspension of ten brains obtained from mice which had been previously injected
with darkfield-positive testicular emulsion from a syphilitic rabbit. In the other,
rabbits were inoculated with a darkfield-positive testicular emulsion from a
syphilitic rabbit. The Nichols strain of T. pallidum which was originally kindly
furnished us by Parke, Davis & Company was used. Universal serologic examina-
tions were made before inoculation and at various times after the inoculation.
Some of the inoculated rabbits were given penicillin therapy and some were
studied serologically without therapy.
The rabbits employed for inoculation were relatively young and generally
weighed about three kilograms. Most of them gave negative Kahn reactions.
This fact can be noted by an examination of the graphs of universal reactions
given by these animals before inoculation. These reactions show little or no pre-
cipitation previous to incubation of the quantitative set-ups, and the set-up with
0.0 per cent NaCl solution which is equivalent to a quantitative Kahn test is free
from precipitation in most instances.
Rabbits Inoculated with Mouse Brain Su.spension
Four rabbits, S-50, S-51, S-52 and S-53 were inoculated intratesticularly on June 30,
1948 with 1 cc. amounts of a saline suspension of mouse brain. The suspension was prepared
from the brains of mice which had been inoculated intracerebrally on November 14, 1947,
with 0.03 cc. amounts of a darkfield-positive testicular suspension of an infected rabbit.
The suspension of mouse brain was prepared as follows: The brains of ten mice were re-
moved, pooled, ground in a mortar with a small amount of alundum and then diluted with
10 cc. of sterile physiologic salt solution. The suspension was centrifugated at low speed to
throw down the heavy particles. Of the supernatant fluid, 1 cc. amounts were injected
respectively into each testicle of four rabbits. The entire process from the time of the re-
moval of the brains from the mice to the completion of the injections into the rabbit testicles
took about one hour and 45 minutes.
The protocols of rabbits S-SO and S-Si will first be presented. Blood specimens for uni-
versal reactions were obtained from these rabbits one day before inoculation; namely on
June 29, 1948. The blood was withdrawn directly from the heart. The amount of blood
obtained was about 10 cc. from each rabbit. The following two bleedings were made at
intervals of about two weeks, after which the bleedings were made at approxi-
mately monthly intervals; then finally at approximately trimonthly intervals. The universal
reactions obtained will be considered below. No blood specimens were obtained for sero-
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diagnostic reactions for syphilis since the universal reaction embodies a quantitative
Kahn reaction.
Treatment
Rabbits S-50 and S-51 were treated from October 5—9, 1948 with daily injections of ap-
proximately 16,000 units of crystalline procaine penicillin in oil per kilogram of body weight.
Each rabbit weighed approximately 3.8 kilograms and received 60,000 units of the penicillin
daily for four days making a total of 240,000 units. This amount of penicillin chosen for
treatment is similar to that employed by Magnuson and Rosenau (11).
Results of Inoculation of Rabbit S-50
On June 29, 1948, a blood specimen was obtained from the rabbit for a control
universal reaction. The rabbit was inoculated intratesticularly the next day with
mouse brain suspension. Slight bilateral orchitis appeared three weeks later.
Aspiration of right testicle revealed no spirochetes in 100 microscopic fields of a
darkfield preparation. Testicle was reaspirated three weeks later and no spirochetes
were found; orchitis appeared unchanged. Two months after inoculation (August
30, 1948) the orchitis had become more pronounced. Aspiration of left testicle
revealed ten or more actively motile spirochetes per microscopic field. The orchitis
subsided by October 13 after the rabbit had been treated with penicillin intra-
muscularly October 5—9.
The universal reactions given by Rabbit S-50 are illustrated in Graphs 1—8,
Charts 2, 2A and 2B. Graph 1 of Chart 2 presents the control universal reaction
given by the rabbit on June 29. It is evident that the quantitative set-ups read
without incubation are practically free from precipitation. Slight precipitation is
noted only in several serum dilutions in Zone I of the low salt concentrations.
After four hours' incubation at cold temperature, precipitation is noted in Zone I
and also in Zone III of high salt concentration, but limited to low serum dilutions,
extending from 1:1 to 1:10. After 24 hours' incubation at cold temperature, pre-
cipitation is noted in all three zones, but again limited to relatively low serum
dilutions.
Fifteen days after inoculation, on July 15, 1948, the universal reaction shows
some increase in precipitation as is evident in Graph 2 (Chart 2). Precipitation
now is noted in all three zones of the quantitative set-ups without incubation,
but it is limited largely to a 1:1 serum dilution. Precipitation is increased to some
extent after four hours' incubation and is further increased after 24 hours, but it
is still limited to relatively low serum dilutions.
Graph 3, illustrating a universal reaction 29 days after inoculation, shows a
definite increase in precipitation both before and after cold incubation. The in-
crease in precipitation in this graph is noted especially in Zone III. A further
increase in precipitation is noted in Graph 4 (Chart 2A) which illustrates a uni-
versal reaction of September 20,82 days after inoculation. In this graph considera-
ble precipitation is noted without incubation of the quantitative set-ups, the
central zone showing precipitation in a 1:2.5 dilution. Marked precipitation is
noted after 4 and 24 hours at cold temperature. Zones I and II showing precipita-
tion in a 1:40 serum dilution and Zone III in a 1:640 serum dilution.
tion 1:2.5 to 1:5. A similarly low grade degree of precipitation is noted in Graph
6 of a universal reaction obtained on November 19. A still further drop in pre-
cipitation is noted in Graph 7 (Chart 2B) of a universal reaction of January 25,
1949. In this graph, the serologic pattern of the reaction is beginning to approach
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Graph 5 illustrates a universal reaction obtained on October 20, 1948. The
rabbit had received penicillin therapy about two weeks previously (October 5—9)
and a considerable drop in precipitation is noted. The central zone of the univer-
sal reaction is now showing a low grade precipitation extending from serum dilu-
I,z0I-
0
z
ml-
3
.5
640
320
60
80
40
20
10
25
9 2 IT 1$ 2
CHART 2 UNIVERSAL SEROLOGIC REACTIVITY WITH LIPID ANTIGEN
ZONES OF PRECIPITATION- WITH N.CI CONCENTRATIONS RANGING FROM 0 TO all.-
WITHOUT INCUBATION AND AFTER 4 AND 24 HOURS INCUBATION IN ICEBOX
RABBIT (S-50) SYPHILIS-TREATED
GRAPH 6-2948 CONTROL—BEFORE INOCULATION
I ::
CER
______________
6 9 12 5 lB 21 0 3 6 9 12 5 18 21 0 3 6
GRAPH 2 7-15-48 FIFTETN DAYS AFTYR INOCULATION
.1__LJ6 9 (2 (5 18 21 0 3 8 9 (2 15 6 21 0 .3 6 9
GRAPH 3 7-29-48 TWENtY-NINE DAYS RFTER INOCULATION
I I
0 .3 6 9 (2 1.5 16 21()
I
12 U
640
Z
320
160
80
_______ __________
2.5
0 .3 6 9 LU I (8 23
CONCENTRATION OF NRCI
ZONE OF POSITIVE REACTIONS
.,
53
WI-
0
a
S
0 .3 6 9 (2 .5 16 21
ZONE OF NEGATIVE REACTIONS
This series of eight graphs thus illustrates a serologic pattern of a universal re-
action in a normal rabbit gradually changing into a syphilitic pattern and follow-
ing therapy reverting to approximately the original pattern. It is of interest that
the syphilitic pattern of the universal reactions given by this animal does not
show the characteristic commonly noted in human syphilis. In the illustrative
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the normal pattern. The final universal reaction, illustraied in Graph 8, was ob-
tained on March 23, 1949. The serologic pattern in this graph is closely similar
to the pattern in the control Graph 1 of June 29, 1948.
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Graph 2 (Chart 1) of human syphilis it is noted that the degree of precipitation
in the central quantitative set-up is the same before and after cold incubation. In
the graphs which illustrate universal reactions of rabbit S-SO, however, precipita-
tion in the central quantitative set-up is increased on cold incubation. It should
be pointed out, however, that most of the universal reactions given by the other
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syphilitic rabbits show serologic patterns similar to those noted in human syphilis,
as will be evident from the graphs presented below.
Results of Inoculation of Rabbit 8-51
As in the case of rabbit S-50, a control blood specimen was obtained from rabbit
8-51 on June 29, 1948 and the animal was inoculated intratesticularly with the
mouse brain suspension the next day. Five weeks after inoculation the rabbit
developed a nodule in the left testicle. A week later, aspiration of the nodule re-
vealed eight motile spirochetes in 100 microscopic fields. Two months after inocu-
lation, a small nodule had developed in the right testicle. Two weeks later, the
rabbit developed generalized patchy alopecia. Penicillin treatment was given the
animal from October 5—9. By October 13 only a very small nodule in the left
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space, only three graphs of this rabbit are presented. These graphs are illustrated
in Chart 3. Graph 1 presents the control universal reaction of June 29. No pre-
cipitation is noted in the quantitative set-ups without incubation except to a very
small degree in Zone I. Precipitation after four and 24 hours' incubation at cold
temperature is noted in all three zones but also to a relatively limited degree.
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testicle was evident and by October 19 no nodule was palpable. The alopecia how-
ever had become more marked and the rabbit appeared weak and sluggish.
As in rabbit S-50, eight universal reactions were obtained in S-51 starting with
June 29, 1948 and ending with March 23, 1949. However, in order to conserve
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The universal reaction of September 20, 1948, 82 days after inoculation, shows
a marked increase in precipitation both before and after incubation at cold tem-
perature (Graph 2). The central Zone II shows precipitation in a 1:40 serum dilu-
tion before incubation of the quantitative set-ups and Zones I and III show still
more marked precipitation. After four and 24 hours' incubation at cold tempera-
ture the increase in precipitation is relatively small. In this rabbit the serologic
pattern of the universal reaction is typical of syphilis; the quantitative set-up
with 0.9 per cent NaCl solution shows the same degree of precipitation before and
after cold incubation.
As indicated, this rabbit was given penicillin October 5—9. The universal re-
action obtained on November 19 is illustrated in Graph 3 (Chart 3). It is evident
that the serologic pattern at this time is similar to the normal pattern obtained
before inoculation. On March 23, 1949, 166 days after treatment, the degree of
precipitation, especially without incubation, was found to be somewhat more
marked than normal, indicating a serologic relapse. In a graph of a universal
reaction of that date not herewith illustrated, the central Zone II shows pre-
cipitation in a 1:1 serum dilution both before and after cold incubation. This
rabbit died on April 11, 1949.
Results of Inoculation of Rabbit S-5
A blood specimen was obtained on June 29, 1948 for a control universal reac-
tion. The animal was then inoculated intratesticularly with 1 cc. of a saline sus-
pension of mouse brain. Five weeks later the rabbit developed small bilateral
testicular nodules. After two weeks, the right nodule had increased in size and
proved to be darkfield-positive on aspiration, revealing about four or five actively
motile spirochetes per microscopic field. About 18 weeks after inoculation the
nodules had almost completely disappeared.
Seven universal reactions were obtained on this rabbit, three of which are
illustrated in Chart 4. The control reaction is shown in Graph 1 of this chart. No
precipitation is noted without incubation. A relatively small degree of precipita-
tion is noted in Zones I and III after four hours' incubation in the icebox. Pre-
cipitation is noted in all three zones of the graph after 24 hours' incubation, but
the amount is relatively small.
An increase in precipitation was noted 15 days after inoculation. Precipitation
was then noted in all three zones without incubation. A still greater increase was
noted 29 days after inoculation. The most marked increase in precipitation was
noted 82 days after inoculation, on September 20, 1948. The universal reaction
obtained on this date is illustrated in Graph 2 of Chart 4. Marked precipitation is
noted without incubation, the central quantitative set-up showing precipitation
in a 1:80 serum dilution. As is true in typical universal reactions in syphilis, this
set-up shows the same degree of precipitation after four and 24 hours' incubation.
By November 19, 1948 precipitation in the universal reaction dropped consider-
ably, the central zone showing precipitation without incubation only up to 1:2.5
serum dilution. The precipitation picture is approximately the same after four
hours' incubation and precipitation is slightly increased after 24 hours.
Graph 3 of Chart 4 gives the serologic pattern of a universal reaction obtained
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Results oj Inoculation of Rabbit 8-53
A blood specimen was obtained from rabbit S-53 on June 29, 1948 for a control
universal reaction. On the next day the animal was inoculated intratesticularly
with 1 cc. of a saline suspension of infected mouse brain. Six weeks after inocula-
tion a small nodule appeared in the right testicle and it proved to be darkfield-
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on March 23, 1949, 266 days after inoculation. This rabbit has not received any
therapy and it shows a syphilitic pattern of a relatively limited degree of pre-
cipitation.
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negative with no spirochetes in 100 fields. Eleven weeks after inoculation a dark-
field preparation of a nodule in the left testicle was examined and it was found to
be darkfield-positive. By November 11, the rabbit had developed bilateral chan-
cres which disappeared spontaneously by January 5, 1949.
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This rabbit gave a control universal reaction which showed precipitation with-
out incubation in all three zones, as illustrated in Graph I of Chart 5. Precipita-
tion without incubation of the quantitative set-ups was limited almost entirely
to a 1:1 serum dilution. After 4 and 24 hours' incubation, precipitation was some-
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what increased in all three zones. Fifteen days after inoculation, the serologic
pattern of the universal reaction was about the same as in the control examina-
tion. Twenty-nine days after inoculation, an increase in precipitation was noted
both before and after incubation. The most marked increase in precipitation was
noted 82 days after inoculation. The serologic pattern obtained on this date is
illustrated in Graph 2 of Chart 5. Precipitation in the central zone reaches a
serum dilution of 1:20 and the serologic pattern is typical of syphilis.
The next universal reaction was obtained on October 20, 1948, 112 days after
inoculation. Still another universal reaction was obtained on November 19, 1948,
142 days after inoculation and these reactions show approximately the same
degree of precipitation as that illustrated in Graph 2 of Chart 5. On January 25,
1949 precipitation dropped both before and after incubation of the quantitative
set-ups. Approximately the same degree of precipitation is noted in the universal
reaction obtained on March 23, 1949 which is illustrated in Graph 3 of Chart 5.
It is evident from this graph that precipitation is still more pronounced than that
noted in the control universal reaction obtained on June 29, 1948.
It is of interest that rabbits S-52 and S-53 show the highest degree of precipita-
tion in the universal reaction 82 days after inoculation. Actually, the height of
precipitation is greater on that date in rabbit 5-52 than in S-53, as is evident
from Graphs 2 in Charts 4 and 5. Yet, it was observed that in rabbit S-52 pre-
cipitation rapidly dropped to the level noted in Graph 3 of Chart 4. While in rab-
bit S-53 precipitation dropped slowly, and 142 days after inoculation the degree
of precipitation in the universal reaction was found to be similar to that noted in
Graph 2 of Chart 5. It is evident also that both rabbits show increased precipita-
tion over normal 266 days after inoculation.
Rabbits Inoculated with Testicular Suspension
Eight rabbits were employed in this experiment but five of them did not survive long
enough for the completion of the experiment. Control universal reactions were obtained
on all the rabbits on June 30, 1948 and the intratesticular inoculation was carried out on
July 1. The testicular suspension was prepared from the left testicle of a rabbit which had
been inoculated with the Nichols strain of T. pallidum on May 17, 1948. It was prepared as
follows: The testicle of the infected rabbit was removed, the tissue minced, diluted with
20 cc. of sterile physiologic salt solution and centrifugated at low speed to remove gross
particles. The darkfield examination of the supernatant fluid revealed about one motile
spirochete per microscopic field. Of this supernatant fluid, 1 cc. was inoculated into each
testicle of the eight rabbits. The entire process from the time of the removal of the testicle
to the injection of the last rabbit took about one hour.
Two of the inoculated rabbits were subsequently treated with penicillin. The method of
treatment employed was similar to that previously described. With regard to the universal
reactions, seven of the inoculated rabbits showed an increase in precipitation in the uni-
versal reaction within 28 days after inoculation. Three out of the eight rabbits showed a
small increase in precipitation 14 days after inoculation. One rabbit (S-58) died soon after
the second serologic examination made 14 days after inoculation. Three rabbits, S-55,
S-57 and S-62, died soon after the third serologic examination made 28 days after inocula-
tion. One rabbit, S-54, lived about eight weeks after inoculation The results obtained in
three rabbits—S-59, S-60 and S-fl—-will be herewith presented.
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Results of Inoculation of Rabbit 8-59
After obtaining a blood specimen for a control universal reaction on June 30,
the rabbit was inoculated on July 1 with 1 cc. amounts of the testicular suspen-
sion in each testicle. By July 22, the rabbit developed marked bilateral orchitis.
On July 24, aspiration of the right testicle revealed in the darkfield preparation a
number of typical T. pallida per microscopic field. On October 5—9, the rabbit was
given 65,000 units of penicillin intramuscularly per day for four days. Before
penicillin therapy had begun, a nodule in the left testicle had subsided but there
was still one in the right testicle. By October 13 this nodule had disappeared.
Six universal reactions were obtained on this rabbit extending from June 30,
1948 to November 19, 1948, but for economy of space, only three of these re-
actions are illustrated in Chart 6, herewith presented. It is evident from this
chart that the serologic pattern of the control universal reaction is similar to some
extent to the universal reaction obtained on November 19, 1948, the last exami-
nation made before the death of the rabbit. A marked increase in precipitation in
the universal reaction was noted on July 29, 28 days after inoculation. The uni-
versal reaction illustrated in Graph 2 was obtained on September 20, 1948, 81
days after inoculation, and was similar to that obtained on July 29. In this graph,
marked precipitation is obtained without incubation and the increase in precipi-
tation following four and 24 hours' cold incubation is relatively small. Twelve
days after the administration of the treatment a marked reduction in precipita-
tion of the universal reaction was noted. A further reduction in precipitation was
noted in a universal reaction obtained on November 19. This last reaction is illus-
trated in Graph 3 of Chart 6.
Results of Inoculation of Rabbit 8-60
In this rabbit also the control blood specimen for a universal reaction was ob-
tained on June 30, 1948. On July 1 the rabbit was inoculated in each testicle with
1 cc. of the darkfield-positive testicular emulsion. On July 28, bilateral orchitis
developed. On that date fluid aspirated from the left testicle revealed a number
of active spirochetes per microscopic field. Orchitis began to subside about three
and one half months after inoculation.
Seven universal reactions were obtained on this rabbit aside from the control.
The second universal reaction obtained 14 days after inoculation gave a serologic
pattern of somewhat increased precipitation. A marked increase in precipitation
was noted on July 29, 1948, 28 days after inoculation. The same type of reaction
was obtained also on September 20, 1948, 81 days after inoculation. By October
20, 111 days after inoculation, precipitation in the universal reaction began to
subside. On March 23, 1949 an increase in precipitation was again noted. Graphs
of three of these universal reactions, those obtained on June 30, September 20,
1948 and on March 23, 1949, are illustrated in Chart 7. It is evident that this
rabbit which had not received any therapy is still showing a degree of precipita-
tion in the universal reaction considerably above the normal control.
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from the left testicle revealed numerous spirochetes per microscopic field. Bi-
lateral chancres were noted early in August. On October 5—9 the rabbit was given
70,000 units of penicillin per day for four days. By November 4, the chancres had
subsided.
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Results of Inoculation of Rabbit S-61
After obtaining blood for a control universal reaction from rabbit S-61, it was
inoculated with the testicular suspension in 1 cc. amounts in each testicle. Three
weeks after inoculation a bilateral orchitis developed. On July 24, fluid aspirated
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Eight universal reactions were performed on this rabbit. The second, following
the control, carried out on July 15, 14 days after inoculation, showed practically
no change in precipitation. A marked increase in precipitation was noted in the
third and fourth universal reactions obtained on July 29 and September 20. After
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instituting treatment October 5—9, a marked reduction in precipitation in the
universal reaction was noted on October 20. By November 19, 42 days after the
end of treatment, the serologic pattern began to appear close to normal. Uni-
versal reactions repeated on January 25, and March 23, 1949, showed a serologic
pattern similar to normal.
II -J
640
320
60
80
40
20
S
25
T
640
320
181
81
41
21
IC
2 7 IUI
GRAPH 2.9-20-48 EIGHTY-ONE DAY5 AFTER INOCULATION
640
320
I80
80
40
0
5
2.8
10
GRAPH 3 3-23-49 TWO HUNDRED AND ONlY-SIX AFTER INOCULATION
.3 9 9 12 15 II SI
148 THE 1OURNAL OF INVESTIGATIVE DERMATOLOGY
DISCUSSION
Kahn (1) has recently expressed the belief that the universal serologic reaction
in normal human beings and animals (2) is an antibody reaction to tissue lipids;
that certain lipids liberated in the course of normal tissue wear and tear call forth
the production of natural antibodies which are capable of reacting in vitro with
tissue lipids. Normal tissue wear and tear being relatively constant, lipid libera-
tion and resulting antibody production are correspondingly constant; hence,
normal human beings give universal reactions of essentially constant serologic
patterns. With increased tissue destruction in certain diseases there is a corre-
sponding rise in lipid liberation and in antibody production, with resulting sero-
logic patterns of increased precipitation. In some diseases, such as in human
syphilis (3), yaws (4) and lepromatous leprosy (5), the increase in precipitation is
accompanied by the development of serologic patterns of distinctive charac-
teristics. In other diseases, such as in malaria (6) and tuberculosis (7), the in-
crease in precipitation is accompanied by serologic patterns the distinctive char-
acteristics of which are yet to be determined.
With regard to the experiments herewith reported, it is evident that different
normal rabbits give universal reactions of varying degrees of precipitation. In
most rabbits, precipitation did not reach the level of the serodiagnostic reaction
for syphilis and these animals were Kahn-negative. In a few of the rabbits, pre-
cipitation reached that level and these were Kahn-positive. It is also evident
that the universal reactions given by normal rabbits are of a more or less defined
serologic pattern and that this pattern undergoes a characteristic change when
the animals become infected with syphilis. Actually, a normal serologic pattern
changes into a syphilitic pattern following infection and returns to approximately
the original pattern following antisyphilitic therapy. The syphilitic pattern in
rabbits is apparently distinctive in the rapidity of precipitate formation and in
the fact that, with few exceptions, cold incubation does not tend to increase pre-
cipitation, especially in the quantitative set-up with physiologic salt solution.
The syphilitic pattern thus represents not only an increase in precipitation over
that noted in the normal pattern but also the development of distinctive charac-
teristics in most instances. Where exceptions to this rule are noted, they may be
due to a natural tendency of certain rabbits to manifest fluctuating universal
reactions in which precipitation at times is sufficiently marked as to mask the
typical precipitation pattern in syphilis.
The mechanism of antibody production to lipids is not fully understood. Ac-
cording to Landsteiner (12), lipids are haptens or incomplete antigens and when
injected in animals do not call forth antibodies. However, when lipids are in-
jected in combination with foreign protein in rabbits, the animals produce anti-
bodies to lipids. Hence, Kahn believes that the antibodies to lipids manifested
in the universal reaction may be called forth not by tissue lipids alone but by
some combination of tissue lipids with protein.
If in the experiments reported in this article it is assumed that the universal
reactions given by the normal rabbits represent a response of natural antibodies
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to lipids, then the more marked reactions obtained in the presence of syphilis
are most likely the result of an increase in antibody formation. This increase,
according to Kahn, is due to increased lipid liberation accompanying the tissue
destructive processes associated with the disease. By the same token, the serologic
reactions obtained with serodiagnostic tests for syphilis may also be due to lipids
liberated as a result of the tissue destructive processes in this disease, since the
same tissue extract antigen is employed in eliciting the universal and serodiag-
nostic reactions. This view, however, is not in conformity with the views of other
workers.
According to Eagle (13), serologic reactions given by serodiagnostic tests for
syphilis represent specific antibody reactions to T. pallida. Eagle and Fleischman
(14) recently reported that the injection of killed T. pallida in rabbits calls forth
the production of positive complement fixation and precipitation reactions for
syphilis. This finding would indicate that some antigenic factor in tissue extract
antigen and in T. pallida is immunologically similar. These results by Eagle
and Fleischman are of great importance, but their theory will require further
work before it can be fully accepted. For, preliminary experiments carried out in
the Serology Laboratory of the University Hospital indicate that the injection
of suspensions of dead tubercie bacilli or of other substances in rabbits are also
capable of calling forth serologic reactions with tissue extract antigen.
Sachs, Klopstock and Weil (15) proposed that serologic reactions in syphilis
are due to antibodies formed against tissue lipids in combination with spirochetal
protein. These authors injected extracts of tissue lipids into rabbits without call-
ing forth the production of antibodies to lipids, but when they injected the tissue
lipids in combination with pig serum, they succeeded in calling forth the produc-
tion of antibodies to the lipids. They did not succeed in calling forth antibodies
to lipids when they employed horse serum instead of pig serum as the foreign
protein.
Both, the views of Eagle and of Saehs, Klopstock and Weil seem to be based
on the assumption that the reactions given by serodiagnostic tests for syphilis
are primarily syphilis reactions. But even when one disregards the fact that these
reactions are also obtained in other diseases, it must be kept in mind that the
reactions are common in animals, such as horses, pigs, sheep, chickens and to
some extent in rabbits (16). Hence, any theory which attempts to explain sero-
logic reactions in syphilis must necessarily also explain the reactions obtained
in the absence of this disease.
That the lipid antigen-antibody reaction in the serodiagnosis of syphilis is
distinct from a defensive antigen-antibody reaction in this disease is indicated
by the recently published studies of Nelson, Mayer, Diesendruck and Eagen (17).
These workers in extensive experiments showed that syphilitic serum contains
an antibody capable of immobilizing the T. pallida in the presence of comple-
ment. They also showed that this immobilizing antibody is not related to the
antibody responsible for serodiagnostic reactions in syphilis. When adsorbing
this immobilizing antibody from syphilitic sera, the antibody which reacts with
lipid antigen remains quantitatively intact.
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If either the theory of Eagle or of Sachs, Klopstock and Weil are accepted, it
would be necessary to assume that the T. pallida are directly responsible for two
types of antibodies that are unrelated to one another, an immobilizing antibody
and an anti-lipid antibody. If Kahn's theory is accepted, the T. pallida are di-
rectly responsible for the immobilizing antibody and liberated tissue lipids are
directly responsible for serodiagnostic reactions in syphilis.
Universal Serologic Technic
The universal technique consists of nine quantitative procedures, referred to as "set-
ups," of different NaCl concentrations. Blood specimens are obtained in the same manner as
for serologic tests for syphilis. The serum is separated from the clot by centrifugation and
is heated for 30 minutes at 56°C. before use. Nine NaC1 solutions of the following concen-
trations are prepared:0, 0.15, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8 and 2.1 percent. Serial serum dilutions
are then prepared with each of these nine salt solutions in the following ratios: 1:1, 1:2.5,
1:5, 1:10, 1:20, 1:40, 1:80, 1:160, 1:320 and 1:640.
Tests are set up as for nine quantitative Kahns, but in which each quantitative employs
serum dilutions with a solution of a given NaCl concentration. The first quantitative is
carried out with serial dilutions of serum with water; the second, with 0.15 per cent NaC1
solution and so on; and the ninth quantitative is carried out with serial dilutions of serum
with 2.1 per cent NaC1 solution. Kahn antigen suspension is prepared with 0.9 per cent
NaCI solution in accordance with the Kahn standard technic. The ratio of serum dilution
to antigen suspension employed is 6:1. The antigen suspension is pipetted to the bottom
of the tubes in 0.025 cc. amounts, followed by0.15 cc. amounts of the dilutions of each serially
diluted serum. The mixtures of serum dilutions and antigen suspension are then agitated
for three minutes in the Kahn shaker after which 0.5 cc. of diluent is added to each tube,
the contents mixed and the results read. The diluent in each quantitative set-up consists
of salt solution of the same concentration as was used in the preparation of the serum dilu-
tions.
The method of reading is similar to that employed in the Kahn test. Three readings are
made. The first is made after mixing the reagents following the addition of the diluent to
each tube. The second reading is made after 4 hours' incubation in the ice box (about 5°C.)
and a third, after 24 hours in the ice box. Four plus, three plus or two plus readings are
recorded as positive reactions, while one plus and borderline readings are recorded as doubt-
ful reactions. In charting the results graphically, only the positive reactions were recorded.
When reading the results after incubation, it is well to remove one rack at a time from
the ice box. This step will help retain the cool state of the serum-antigen mixtures until
the actual reading time; some precipitates will redisperse when the mixtures are unduly
exposed to the warmth of room temperature. As each rack is taken from the ice box and
brought to the reading table, a film of moisture may cover the tubes. To remove this film
each tube is dipped in cold 95 per cent alcohol immediately before reading the precipitation
results. Prolonged shaking of the tubes before reading should be avoided. In the data here-
with reported, the tubes were shaken for about two seconds before reading.
SUMMARY
Universal serologic reactions were obtained in rabbits before and during in-
fection with syphilis and after the administration of penicillin therapy. One
group of rabbits was inoculated intratesticularly with a testicular emulsion of
syphilitic rabbits. Another group of rabbits was inoculated intratesticularly
with an emulsion of brain from mice which had been previously injected with a
testicular emulsion of syphilitic rabbits. All rabbits thus inoculated became in-
fected with syphilis. It was observed that:
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1. Each of the normal rabbits before inoculation gave a universal reaction of
an individual serologic pattern. All showed precipitation after 4 and 24 hours'
incubation at cold temperature. Most of the animals showed little or no precipi-
tation without incubation; these gave negative standard Kahn reactions. A few
showed considerable precipitation also without incubation; these gave quanti-
tative Kahn reactions of low titer.
2. The universal reaction two weeks after inoculation showed a relatively
small increase in precipitation over the normal level; a further increase was noted
29 days after inoculation and a marked increase 82 days after inoculation; at
that time the Kahn units ranged from 80 to 320.
3. Following penicillin therapy, the universal reaction of the rabbits reverted
to approximately the original serologic pattern. In most instances, this reversal
was noted in about six weeks after therapy. In one instance, a serologic relapse
was noted at a later date.
4. Without therapy, no complete reversal of the universal reaction to the
original serologic pattern was observed in about nine months after inoculation,
although partial reversal of the reactions was noted during that interval, in-
dicated by a reduction in precipitation.
The data indicate that the specific serodiagnostic reaction in syphilis is the
result of an intensified universal reaction which develops specific characteristics
in the presence of syphilis. The nonspecific serodiagnostic reactions given by some
of the rabbits before inoculation are apparently the result of natural universal
reactions of relatively high intensity; so high as to reach the serodiagnostic zone.
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DISCUSSION
Dx. STEPHEN ROTHMAN: That the seroreactions of syphilis are "zone phe-
nomena" showing characteristic curves with changing proportions of serum and
antigen has been known for a long time, and this is not surprising, if the floccula-
tion is regarded as a colloid chemical phenomenon. However, the specific pattern
of sera in leprosy, as demonstrated here, is an entirely new observation. I would
like to ask whether a sufficient number of leprosy cases has been examined so as
to be sure that this is a characteristic pattern. If this is the case, it would mean
that the colloidal state of serum proteins in leprosy is quite a specific one. The
great significance of such a finding is obvious.
Dx. THEODORE CORNBLEET: Was there any study made of the serum globulins
in this work? A better understanding of the pattern and arrangement of these
serum proteins might lead to a clearer insight into what the bases for these reac-
tions are.
Dx. HARRY L. ARNOLD, Jx.: It may not be entirely familiar to all that false
positive serologic tests in leprosy are confined almost wholly to lepromatous
cases; even in the early cases it may approach 50%; whereas in the most ad-
vanced tuberculoid (maculo-anesthetic or "neural") cases it is not likely to occur
at all. The incidence of false positive reactions in tuberculoid leprosy at Carville
is approximately the same as the incidence in the population from which these
patients are drawn. The significance is obvious in lepromatous cases; serum
colloid changes are extensive, with marked elevation of serum globulin, partic-
ularly the gamma globulin, marked thymol turbidity and cephalin-cholesterol
flocculation reactions. In the tuberculoid type of case the serum is quite normal,
so that we have the paradoxical situation of the mutation of an immune reaction
in those cases (lepromatous, i.e.) where there is no immunity to the disease and
the lack of it in those cases (tuberculoid) where there is immunity.
Dx. ARTHUR C. CURTIS: I agree with Dr. Rothman that it has been known for
many years that dilutions of sodium chloride influence precipitation tests. In
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answer to Dr. Arnold, the cases studied and reported by Dr. Kahn (Universal
Serologic Reaction with Lipid Antigen. IV. In Lepromatous Leprosy. Amer. J.
of Clinical Path. 1.9: 408—13 (May) 1949) have been cases of lepromatous leprosy.
The changes in the universal serologic reactions are probably due to alterations
in the globulin fractions of the serum.
DR. REuBEN L. KAHN: (Closing Discussion). If I may supplement the report
by Doctor Curtis, I would emphasize two aspects of the universal reaction.
1) The universal reaction throws light on the serologic reaction in syphilis.
2) Studies of the universal reaction indicate that serum reactions with lipid anti-
gen in the absence of syphilis will in due time attain usefulness in the diagnostic
armamentarium of various diseases.
It is clear from Doctor Curtis' report that serologic reactions with lipid anti-
gen represent a biologically widespread manifestation. We have also seen that
the same antigen used in tests for syphilis is capable of giving positive reactions
with the serums of normal human beings and animals. All that is necessary is to
modify the technic of these tests. The technic in syphilis tests is so designed as
to favor positive reactions particularly in syphilis. By employing among other
steps, special salt concentrations and incubation periods, the universal serologic
(precipitation) technic is capable of eliciting positive reactions in human beings
and animals in health and disease, apparently without exception.
The universal technic gives certain serologic patterns in health and modified
patterns in several diseases studied thus far (syphilis, yaws, tuberculosis, leprosy
and malaria). In syphilis, the serologic pattern is distinctive, differing from the
patterns noted in normal human beings and animals and from those noted in the
other diseases studied. Stated differently, the reaction which takes place between
syphilitic serum and lipid antigen is distinctive and different from the reactions
which take place between nonsyphilitic serums and lipid antigen.
Apparently, particular lipids, which we might call lipids X, Y, and Z, are in-
volved in the universal reaction in syphilis. These lipids are presumably liberated
in the tissue destructive processes in syphilis and they call forth homologous
antibodies. The antibodies in syphilitic serum, in turn, react with lipids X, Y,
and Z, present in the tissue extract antigen, resulting in the distinctive serologic
pattern. The antigen contains numerous other antigenic lipids, unrelated to
syphilis. These are capable of reacting with homologous antibodies present in
serums in different situations. The nonsyphilitic lipids may or may not be similar
to one another. When similar, the universal reaction manifests similar serologic
patterns; when different, it manifests different serologic patterns.
Briefly, the interaction between lipid antigen and serum actually consists of
a multiplicity of different lipid antigen-antibody reactions based on the union
between different lipid fractions and their homologous antibodies. This multi-
plicity of reactions is indicated by the multiplicity of serologic patterns
in different situations given by the universal serologic technic.
Also, the fact that the universal reaction in syphilis is distinctive indicates
that the reaction is specific in a special sense; the specificity being the result of
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particular antibodies present in syphilitic serum reacting with particular lipids
present in the lipid antigen. Since the serodiagnostic reaction in syphilis is a re-
stricted part of the universal reaction in syphilis, the serodiagnostic reaction is
necessarily an equally specific reaction. The specific nature of the serodiagnostic
reaction thus helps to explain the marked parallelism between serologic and
clinical findings in syphilis.
However, serodiagnostic tests for syphilis are also capable of giving nonspecific
reactions. As is evident from Doctor Curtis' report, the distinctive (specific)
serologic pattern in rabbit syphilis is an intensification of the normal serologic
pattern. Stated differently, the normal serologic pattern becomes intensified in
syphilis and develops characteristics which are specific for this disease. But the
normal serologic pattern can become intensified also under other conditions.
When the intensification is sufficiently marked, the restricted serodiagnostic reac-
tion will begin to show positivity in the absence of syphilis. Thus we have occa-
sionally false positive reactions.
Experimental indications are that the variety of reactions between lipid antigen
and serum in the absence of syphilis will ultimately be harnessed to serve a useful
purpose in the serology of health and disease.
